Abstract. Next generation digital subscriber line (NG-DSL) gains high efficiency by taking scheme of base-band orthogonal frequency-division multiplexing (OFDM) modulation with very large subcarrier number and very high modulation levels. However, it requires high sampling synchronization precisions since sampling frequency offset (SFO) will introduce inter-carrier interference (ICI) and degrade performance. To achieve a higher synchronization, we propose a new blind SFO estimation algorithm by segmenting the OFDM symbols and then estimate SFO in iterations. The new algorithm has higher precision and faster convergence speed than the traditional pilot-aided algorithms under the condition of large subcarrier number and high modulation levels.
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Introduction
Next generation digital subscriber line (NG-DSL) is one of the most important high-speed cable access technologies, which can provide an access rate more than 1Gbps and satisfy the growing requirement of transmission rate. Such a system, however, relies crucially on sampling frequency synchronization; otherwise sampling frequency offset (SFO) will introduce inter-carrier interferences (ICI) result in performance degradation.
In general, there are two kinds of SFO estimation algorithms, blind and pilot-aided. By virtue of pilot symbols, Least-squares (LS) estimation and tracking algorithm [1] , joint time-frequency cross-correlation [2] can estimate SFO effectively. Pilots can be inserted in the frequency domain within a part or the whole of the symbol [3, 4] . On the other hand; cyclic prefix (CP) and guard interval (GI) can be used to estimate SFO in blind estimation algorithms [5] [6] [7] [8] [9] . Algorithms that use second order statics and symbol timing offset are proposed in [5] [6] [7] . In general, these pilot-aided algorithms achieve higher precisions than the blind algorithms, while blind estimation algorithms are more efficient.
In this paper, to achieve a high precision SFO estimation, we propose a new blind algorithm based on segmented linear fitting. In this algorithm, we segment the OFDM symbols and estimate SFO after correcting the receive symbols in the backward segments with the result from the front segments in iterations. The simulation results show that the proposed algorithm achieves a high estimation precision in NG-DSL systems, and performs even better than pilot-aided ones proposed in [3] and [4] .
Problem Statements
In NG-DSL systems, signals can be expressed as: 
The demodulated signal can be expressed as follows,
From (4), we can see that SFO results in phase shift and introduces ICI in the demodulation symbols. The ICI introduced by SFO is,
and the phase of the demodulated signal is,
where   is the real phase shift,
denotes the phase shift caused by ICI and noise.
In conclusion, SFO causes the phase shift in the demodulation symbols and destroys the orthogonality among subcarriers by introduce ICI. What's more, it leads to degradation in signal to noise ratio (SNR) and divergence of received signal constellation diagram, thus degrades performance of bit error ratio (BER).
New Estimation Algorithm
To improve the performance of NG-DSL systems, we propose a high precision algorithm to estimate SFO. Firstly, for a significantly small subcarrier index k , we have,
where  is the maximum allowed phase shift of m X by which the received signal can be demodulated effectively. Based on the demodulated symbols, phase shift   and   can be obtained by comparing these symbols with standard QAM constellation diagram of modulation scheme and linear fitting of   , respectively. After that, SFO f  can be calculated by (6) . A small k means that only a small amount of demodulation symbols can be utilized to estimate SFO, which will lead to a poor estimation precision. To achieve a higher estimation precision, more demodulation symbols should be used. However, as k increases, criterion in (7) does not hold and the above method no longer works. To solve such a dilemma, we propose the segmented cycle iterative approach.
We divide the OFDM symbol into several segments with a length of q for each segment. The first M segments are used to estimate SFO. Assuming that the phase shift meets the criterion in (7) 
Then we correct the received signals in the following ( 1)
where
is the real phase shift and However, as k increases, ( ) ICI k in (6) increases and   in (6) may be larger than  . In other words, we have     for all q , which indicates that the above method no longer works. Therefore, it is necessary to find a suitable M and q for NG-DSL systems.
We assume that SFO is less than 10 ppm in NG-DSL systems. The larger   is, the larger M will be, and thus it is easier for estimating. On the other side, reducing q will also lead to increment in estimating error for each segment. A compromise must be made and we set   to be 0.5 in the proposed algorithm.
With a lot of experiments, we found that it was about the first 1200 carriers that meet the above criterion in (7) and the new algorithm can achieve a great performance within 10 OFDM symbols. In order to make a better estimation of SFO, the empirical length of each segment q and the number of segments M for different symbols determined by experiments are shown as follow: The procedures of new algorithm are described as follows: a. Select q and M from Table 1 
Simulation and Results
In the section, simulations are run to assess the performance of the new blind estimation algorithm and comparisons with other estimation algorithms are given.
Simulation parameters.
We considered the NG-DSL systems with 2048 subcarriers and 128 CP in additive white Gaussian noise (AWGN) channel with 55dB SNR, using 1024-QAM modulation constellation. Other experiment conditions are list in Table 2 .
In order to evaluate the performance of the new algorithm, we compare the new algorithm with algorithm in [3] and [4] . The length of pilots is set to be 1/16 of the length of OFDM data in algorithm mentioned in [3] . While algorithm mentioned in [4] , the length of data frame is set to be 50.
Results and discuss
The results of SFO estimated by the 6 We can see from above figures that SFO can be estimated with a high precision, and approaches a high precision estimation within 8 OFDM symbols. While algorithm algorithms in [3] and [4] takes about 25 OFDM symbols to gain a high precision estimation.
To compare the new algorithm with algorithms mentioned in [3] and [4] , we set SFO to be 0.5ppm, 3ppm and 10ppm. And the results are shown in Table 2 . [3] 5.0497 e-7 0.0099 1.0933e-6 Algorithm in [4] 5.0481 e-7 0.0096 7.0575e-6 3ppm New algorithm 2.9955e-6 0.0021 1.8893e-6 Algorithm in [3] 3.0302e-6 0.0101 4.9369e-7 Algorithm in [4] 3.0288e-6 0.0096 1.9420e-7 10ppm New algorithm 9.9645e-6 0.0036 3.8858e-6 Algorithm in [3] 1.0103e-5 0.0103 4.7293e-7 Algorithm in [4] 1.0097e-6 0.0097 1.8529e-7
We can see from Table 2 that new algorithm has a better performance than both algorithm in [3] and [4] , which are the pilot-aided ones. What's more, the new algorithm has a faster convergence speed than the others. However, we can see for Table 2 that the new algorithm has a worse stability, it is reasonable that the new algorithm uses the blind way while algorithm in [3] and [4] are in the pilot-aided method.
Summary
In this paper, we have proposed a new blind SFO estimation algorithm for NG-DSL systems that based on segmented linear fitting. To achieve a good performance and convergence speed, the scheme is implemented based on multiple segments for different symbols. The new algorithm achieves higher precision and faster convergence speed than the traditional pilot-aided algorithms, and makes it suitable for NG-DSL systems working with large amount of carriers and high modulation levels.
